The authors present their experience of > 1000 axillary brachial plexus blocks performed over 13 years (1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002). Using a technique that involves the location of individual nerves with a nerve stimulator, the overall success rate was 97.9%, ranging from 89.7% in 1990 to 98.4% in 1998. There have been no failures, defined as the need for conversion to general anaesthesia, in the last 500 blocks. Supplementary nerve blocks at the elbow were performed in 22.2% of patients. The first author, trained and supervised by the second author, achieved similar success rates in half the time taken by the second author. The authors conclude that technique and experience are the keys to success, but that high success rates can be achieved in a short time if anaesthetists are trained by experts in regional anaesthesia.
Regional anaesthesia can confer significant benefits to the patient; overall patient safety may be improved when compared with general anaesthesia [1, 2] . It is accepted that the use of regional anaesthesia can minimise the stress response, and the avoidance of opioid-related complications is an added bonus. As unashamed advocates of regional anaesthesia, we are pleased to see a recent editorial [1] that urged the greater usage of local anaesthetic techniques in an effort to provide perfect analgesia with minimal side effects. In an attempt to forestall the 'propofol is never patchy' brigade of sceptics, we wish to present the results of an audit of our database of 13 years' regional anaesthetic practice that includes data on > 1000 axillary blocks.
Methods
The authors regularly provide anaesthesia for elective hand surgery at a tertiary orthopaedic centre. The case mix is conducive to the use of axillary brachial plexus blockade as a sole technique or in combination with general anaesthesia. The majority of work is restorative surgery for rheumatic disease and release of Dupuytren's contracture.
There have been several techniques described for axillary block, with reported success rates ranging from 50 to 100% [3] [4] [5] [6] . Before the start of this series, one author (JMW) attempted three different techniques: the trans-arterial technique, the 'two needle' technique (seeking the point of maximum excursion of the hubs of needles inserted above and below the artery), the injection of a large volume of local anaesthetic having identified pulse-synchronous contractions in muscles supplied by a single nerve when using a peripheral nerve stimulator. An unacceptably high failure rate, estimated at $ 30%, was experienced. We now use a nerve stimulator technique to identify individually, by means of the characteristic twitches, the median, radial, ulnar and (if required) musculocutaneous nerves. We approach the brachial plexus at the low axillary level, i.e. just proximal to the insertion of pectoralis major where the arterial pulsation is easily felt. Our technique has not changed throughout the period described. Since the start of the series, we have used a nerve stimulator. Initially, a 'TOP' stimulator was used; this was an early uncalibrated Japanese device. Since 1990, we have used a Braun Stimuplex Dig stimulator (B Braun, Melsungen, Germany). We use short-bevel 5-cm Braun Stimuplex A needles. The initial stimulator settings are a stimulation frequency of 2 Hz and current of 0.4 mA. Although this low initial current can make the initial location of the nerves difficult, we find that it is more comfortable for the patient than using a higher initial current. Stimulation thresholds < 0.2 mA may be associated with intrafascicular needle tip placement; we do not proceed to injection of the local anaesthetic at these thresholds. Although sedation is rarely necessary with low initial stimulating currents, small doses of intravenous midazolam are occasionally given. It is also rarely necessary to sedate patients during surgery, although we do screen off the operating field and engage the patients in conversation throughout the operation. During the entire 13-year period, the surgeons have been strong advocates of regional anaesthesia, and their contribution to the patients' acceptance of local techniques cannot be underestimated. In the outpatient clinic, before admission, the patients are told to expect to be awake, and they are reassured that this is routine practice.
The nerves lie in a fairly predictable arrangement within the axillary sheath and, with practice, can be reliably and rapidly located in the majority of patients. We use 5-10 ml of local anaesthetic solution for each nerve. The choice of agent is dependent upon the duration of surgery, whether the patient is a day case, and the likely need for postoperative analgesia. Bony surgery is, in our experience, significantly more painful than soft tissue work. Our standard agent now is ropivacaine 0.75%, but we have used prilocaine, bupivacaine and lidocaine with success. The recent change to an increased proportion of day-care patents has led us to use 30 ml of an equal mixture of prilocaine 1% and levobupivacaine 0.5%. We do not use adjuncts such as epinephrine or sodium bicarbonate. This mixture provides a rapid block onset combined with a sufficient duration to allow surgical delays and a short period of postoperative analgesia. For safety reasons, we are uncomfortable if the patient leaves a monitored environment, i.e. the ward, whilst their arm is still insensible. Thus, there is a compromise between duration of postoperative pain relief and a desire to discharge the patient at their earliest convenience.
All blocks were assessed by response to pinprick before surgery. Success was defined as anaesthesia of sufficient quality in the area of surgery to proceed. Altered sensation (if not total loss) in the distribution of a nerve was generally seen within 20 min. Absence of a change in sensation at this time was considered a failure. Additional time was allowed if evidence of progress was seen. A common reason for failure in our experience has been impatience. A single missed nerve received a supplementary block at the elbow. A nerve stimulator was used with the same initial settings to provoke pulse-synchronous twitches in the distribution of the target nerve. The median nerve was located medial to the brachial artery in the antecubital fossa; the ulnar nerve was located as it runs posterior and proximal to the medial epicondyle; the radial nerve block was performed by injection lateral to the tendon of biceps. If two or more nerves were not blocked by the initial axillary block, failure of the technique was declared and a general anaesthetic was given. General anaesthetics were also given to patients undergoing long operations (> 1 h), as it was felt that regional anaesthesia alone was insufficient to prevent tourniquet pain. Those patients demanding general anaesthesia underwent axillary block after induction.
Data were recorded using a variety of computer hardware over the period, but were always compliant with the Society for Computing and Technology in Anaesthesia (SCATA) minimum anaesthetic record data set [7] . We amalgamated all the data on a Microsoft ACCESS database. Searching the records for axillary brachial plexus block gave the number of blocks performed each year and our success rate.
Results
Between January 1990 and December 2002, the authors performed 1047 axillary blocks as the sole anaesthetic for hand surgery. One hundred and eighty-three patients underwent elective general anaesthesia in addition to the block. There were 22 (2.1%) failures requiring unplanned general anaesthesia. In the patients in whom we considered the block to be adequate, the subsequent surgery was well tolerated and we had no requests for conversion to general anaesthesia during the operation. Supplementary elbow blocks were needed in 232 (22.2%) patients; 84 median, 66 ulnar and 31 radial nerve blocks were performed. In addition, 51 field blocks to the distribution of the musculocutaneous nerve or the lateral cutaneous nerve of the forearm were given.
The incidence of failure of the regional technique decreased from 10.3% in 1990 to 1.6% in 1998. We have had no failures in the last 5 years (> 500 cases).
As can be seen from Fig. 1 , a short-term decrease in workload was seen in 1993-94 owing to the relocation of the hand service from one hospital to another. Interestingly, the failure rate increased for a short period after this, having shown a downward trend for the previous four years (Fig. 2) . The failure rate continued to decrease in later years. The incidence of the need for elbow block supplementation showed a less uniform decrease, and marked variation in the need for supplementation between the individual nerves occurred (Figs 3, 4) .
The most common complication was bruising in the axilla resulting from axillary vessel puncture. We estimate its incidence at 5%. Some of these patients experienced short-duration paresthesiae for the duration of the bruising. Two patients (< 0.2%) suffered persistent paresthesiae in the distribution of the ulnar nerve after surgery, but both enjoyed full recovery within eight months. No patients who received supplementary blocks at the elbow underwent general anaesthesia.
Discussion
Axillary brachial plexus block, in combination with supplementary, more peripheral nerve blocks, can provide adequate conditions for surgery [4-6, 8, 9] in > 99% of cases. The decrease in failure rate between 1990 and 1992 (150 cases performed) represents the gradual ascent of the learning curve, and we propose that the increase in failures after a period of inactivity reflects a backward step on that curve. It appears that skills can be lost without repetition, even in an experienced practitioner, and that the acquisition of expertise continues over many years 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 Figure 3 Supplementary elbow blocks performed expressed as a percentage of total blocks performed. 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 Figure 2 Block failures expressed as a percentage of total blocks performed. [10] . The basic technique we have used for the performance of the blocks has not altered over the past 13 years, apart from changes in the actual local anaesthetic agents used. Because we have been in the habit of tailoring our drug use to surgical and patient needs, we cannot comment on the effect of particular local anaesthetics on the success rate. However, our contention is that if you put the right volume of local anaesthetic in the right place, it always works, whatever the actual drug used. To suggest a reason for improvement over the years is problematic; experience is a nebulous concept, difficult to define. However, we would speculate that we have developed a mental appreciation of the spatial relationships of the nerves within the axilla and the variations encountered in those relationships. Put simply, practice helps. The majority of the procedures in this series have been performed by one author (JMW). It is interesting to note that since the second author's (TMP) involvement, starting three years ago (57 cases in this series) as a Specialist Registrar under instruction, the success rate has not altered. Since the procedures were being performed under direct supervision (at least initially), with intervention by the senior anaesthetist only as necessary, this is perhaps not surprising. Although it is difficult to extract the exact level of involvement of each author in each block from our database, it would appear that TMP is achieving the success of JMW at a faster rate. This may be due to learning the 'tricks of the trade' from one who has huge experience. The need for supplementary block of nerves at the elbow nerves also showed a decrease, but there was considerably more variation than the simple failure rate. The reasons for this are probably multifactorial.
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The median nerve required the most frequent supplementation at the elbow (81 cases, 7.9%). This may reflect both the fact that it is the largest and most heavily myelinated of the terminal branches of the plexus, and that it provides the major sensory supply to the palm, and thus inevitably requires blocking for the majority of operations. However, it is relatively easy to locate, lying just above the axillary artery.
The ulnar nerve is smaller in diameter and is less heavily myelinated. However, it is more variable in its relation to the axillary artery and is, in our experience, more difficult to locate. As release of Dupuytren's contracture made up 54% of our total workload, and this procedure almost always involving dissection in ulnar nerve territory, it was again often necessary to perform supplementary elbow blocks of this nerve (64 cases, 6.3%)
The radial nerve is not especially heavily myelinated and is relatively constant in its position: inferior and posterior to the artery. It is also not necessary to block the radial nerve for surgery to the palmar surface of the hand, and thus required supplementation less often (29 cases, 2.8%). However, when our casemix changed in 1998 to include many more wrist operations; the need for radial nerve supplementation at the elbow increased in parallel.
We perform many more regional blocks than the most UK anaesthetists, and by highlighting the relatively large numbers required to achieve an acceptably low failure rate, we are aware that we may confirm some people's prejudices against regional anaesthesia. However, we believe that the learning period can be curtailed by practice under the instruction of an expert. One of the authors (JMW) was working alone initially, and the early high failure rate was attributable to establishing the best technique in his hands. The other author (TMP) joined the unit three years ago, and initially received instruction from JMW. Using the same technique, he has achieved a similar failure and supplementary block rate after approximately half the number of cases. A similar success rate has now been achieved when practising solo having learnt the technique under close supervision. These procedures lie outside this series but similar data has been kept.
If we were pushed to define the reasons for our increased success rate, it would seem that, first, we are getting better at locating the nerves within the axilla. This would explain our decreased requirement for general anaesthesia and our decreasing supplementation rate. Second, we are getting more confident in our ability to salvage an unsatisfactory block if the initial procedure proves difficult. As ever in anaesthesia, it is wise to have a 'Plan B'.
We believe that there are significant advantages in terms of patient safety and satisfaction when using regional techniques, in addition to adding an extra weapon to the anaesthetists' personal armoury of techniques. We would encourage our colleagues to continue to attempt local techniques (either alone or in combination with general anaesthesia). Practice makes perfect! 
Summary
Dental anaesthesia provides a potential conflict between anaesthetist and surgeon because of the shared airway. The laryngeal mask airway (LMA) has helped to improve airway control for these procedures, but there is little evidence for best practice on the timing of their removal after airway surgery in the paediatric population. We compared 'awake' and 'deep' removal of the LMA in 196 patients aged from 2 to 15 years in a randomised, controlled study. We found that average peripheral oxygen saturation (SpO 2 ) was lower in the deep group and this was statistically significant (96.2% vs. 94.9%, p ¼ 0.04). It was also found that the deep group had a higher incidence of patients with SpO 2 < 95% (p ¼ 0.003) and of patients who coughed (p ¼ 0.003). We conclude that the LMA should be taken out awake in these patients.
Keywords Anaesthesia; dental, paediatric. Equipment; laryngeal mask. The laryngeal mask airway (LMA) is increasingly used in elective paediatric anaesthesia for dental surgery. Where there are no other accepted contraindications, such as a full stomach or increased risk of gastro-oesophageal reflux, it has been shown to offer both a safe and a controlled method of management of the airway [1] [2] [3] . Dental surgery is associated with blood in the airway and before the advent of the LMA the options were either to intubate the trachea or to use a nasal mask. Neither of these techniques is ideal for the simple extraction of primary teeth, due to reasons such as the use of muscle relaxants for intubation and poor control of the airway, compounded by anaesthetic gas dilution when using the nasal mask.
Most of the work on the LMA has been performed in adults and most evidence supports its removal following the full return of airway reflexes [4, 5] . The situation regarding use of the LMA in children is less clear. ............................................................................................................................................................................................................... 
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Published studies are confusing in their recommendations and vary from removal when awake [6] [7] [8] through to 'deep' removal when the airway reflexes are still depressed [9] [10] [11] [12] . Some authors are equivocal in their findings [13, 14] and still others suggest removal timed specifically to the child's age [5] . The majority of this paediatric work has been based on patients undergoing urological or general surgical procedures where the airway remains clean and not soiled, as in the case of dental surgery. Complications that may occur at any stage following LMA removal include arterial oxygen desaturation, coughing, airway obstruction, retching and vomiting [1, 9] . Some authors would not count coughing as a complication in the 'awake' patient, as it may be a desirable and effective method of clearing secretions [15] .
Studies placing methylene blue dye above the LMA [16, 17] and their use in ENT surgery [18] led us to hypothesise that the awake removal of the laryngeal mask airway in paediatric dental surgery would lead to fewer postoperative airway complications. We aimed to define this by noting the lowest level of peripheral arterial oxygen saturation (SpO 2 ) that was measured, and defined a statistically significant primary outcome of our study as a p-value of 0.05 or less. We also decided to measure the secondary outcome variables of cough, laryngospasm, vomiting and retching.
Method
We gained approval from the local Research Ethics Committee and written informed consent was obtained from the parent or guardian of each patient. We recruited patients admitted for elective dental daycase surgery. Patients were excluded if they were ASA 3, 4 or 5, or if they had a history of gastro-oesophageal reflux. Children were then randomly assigned to one of two groups by the toss of a coin: Group A ('awake') to be awake as defined by a patient who is able to open their eyes and mouth on command and Group D ('deep') to have the LMA removed whilst deeply anaesthetised, immediately after the end of the procedure. Neither the patient nor the parent or guardian was aware of the group to which the patient had been assigned. The anaesthetist was informed of the assigned group before surgery was completed.
A total of five consultants, all with extensive experience in paediatric outpatient dental anaesthesia, anaesthetised all patients with the assistance of a specialist registrar. An eutectic mixture of local anaesthetic (EMLA) cream was applied to the dorsum of both the child's hands at least 90 min before the theatre list was due to start. At the same time, the patients were given oral paracetamol according to our departmental protocol (approximately 15 mg.kg ).
Intravenous access was attempted in the area anaesthetised by the EMLA cream. Successful cannulation allowed for induction using propofol in a dose of 3-4 mg.kg )1
. Unsuccessful cannulation (difficult access or unco-operative child) resulted in an inhalational induction with sevoflurane in oxygen and nitrous oxide followed by intravenous cannulation before insertion of the LMA. Opiates were not used as part of the anaesthetic technique. Anaesthesia was maintained with sevoflurane in oxygen (50%) and nitrous oxide (50%). Once anaesthetised, an appropriately sized classic LMA was placed according to the weight of the child as recommended by the manufacturers [15] . Patients breathed spontaneously, through a Jackson-Rees T-piece system if their weight was less than 20 kg, or through a Bain circuit if their weight was over 20 kg. Once the LMA was placed, surgical extraction was performed and dental swabs were left over the tooth sockets to assist haemostasis and absorb any excess blood.
At the end of the procedure, all patients were turned on to their left side and remained on the operating trolley, which was moved to the recovery area. Those children in Group D had their LMA removed with the cuff inflated immediately following completion of surgery, before being moved to the recovery area and given oxygen 5 l.min )1 via a Hudson mask. Those patients in Group A had their LMA left in situ and moved to recovery where oxygen 10 l.min )1 was delivered via a T-piece until they were fully awake, at which point the LMA was removed with the cuff inflated. The oxygen flow rates were set to ensure the same inspired fraction of oxygen (0.3) was delivered by each device, i.e. the T-piece and Hudson face-mask [19, 20] . During the recovery phase, the patients' peripheral arterial oxygen saturations were continuously monitored (with the lowest being noted). They were also observed, by one of the authors, for the secondary outcomes of coughing, laryngospasm, retching and vomiting. Suctioning only occurred, in either group, when blood and ⁄ or secretions were visible at the front of the mouth, or if airway obstruction occurred and it was believed that pooled fluid was partially or fully responsible. In the awake group, the LMA was removed either by the patient, or by the recovery nurse when the patient was able to open eyes and mouth on command. The dental swabs were taken out when the child was awake in both groups. Observation and monitoring of the SpO 2 ceased when the patient was discharged from the recovery area, as decided by the recovery nurse according to routine protocol.
No preliminary data was available for a power calculation to be performed, so we initially chose to recruit approximately 200 patients. We aimed to compare .............................................................................................................................................................................................................. 
Results
In total, 205 patients were recruited, with ages ranging from 2 to 15 years. Blinding of the volunteers led to a large portion of patients declining to participate in the study, as the parents ⁄ guardians wanted the LMA removed at a time according to their own concerns and preconceptions.
A total of nine patients were excluded once recruited; an LMA was deemed unnecessary by the anaesthetist in six patients having only one or two front teeth removed; two were obese and were withdrawn from the study by the anaesthetist. The ninth patient was excluded from analysis because his LMA was accidentally removed deep when he had been randomly assigned to the awake group. This left 97 patients in Group A and 99 in Group D. Patient characteristics for the two groups are shown in Table 1 .
A single child having a dental clearance skewed the range of extractions in Group A; otherwise the range would have been 1-12, as in Group D. The incidence of airway complications is shown in Table 2 .
The mean of the lowest peripheral oxygen saturation (SpO 2 ) was lower in Group D and this was statistically significant (96.2% vs. 94.9%, p ¼ 0.04). Subsequent analysis was performed looking specifically at the frequency of an SpO 2 of 94% or below. This analysis produced the subgroups demonstrated in Table 3 . Group D was found to have a greater incidence of clinically significant oxygen desaturations when these subgroups were analysed: using Fisher's exact test, a statistically significant 2-tailed p-value of 0.003 was found.
The SpO 2 94% or below subgroup, containing 42 patients, was analysed and compared with the 154 patients in the 95% or above subgroup. The aim was to see if there was any other independent factor that may have been associated with, or contributed to, the lower SpO 2 . The Mann-Whitney U-test was used. The ages of the patients in each new group were compared and found to be lower in the 94% group (p ¼ 0.02). Those in the 94% group (20 ⁄ 42 compared with 24 ⁄ 154 in the 95% group) were also more likely to have coughed (p < 0.0001) and suffered from laryngospasm (p ¼ 0.007).
Coughing occurred frequently; in 13 patients in the 'awake' group and 31 in the 'deep' group. The deep group had a statistically significant greater incidence of coughing (p ¼ 0.003).
Two cases of laryngospasm occurred; both were in the deep group and they resolved spontaneously. Despite a pre-operative assessment, it later transpired that one of the two cases had recently been suffering from an upper respiratory tract infection. Had this been known, the procedure would have been postponed.
No child vomited postoperatively. The one instance of retching occurred in a child who had left recovery and was awaiting discharge home.
Discussion
For several years, we have been using the LMA instead of nasal masks for outpatient dental anaesthesia. It has been shown that the LMA does protect the airway from above [16] [17] [18] and it seemed a logical extension that leaving the LMA in situ until the return of protective reflexes would be beneficial. We felt that the most important marker ................................................................................................................................................................................................................... clinically was peripheral oxygen saturation. For this reason, the SpO 2 was taken as our primary outcome measure, but we also felt it important to see if there were any other factors that were contributing to a lower SpO 2 . We therefore chose to monitor the secondary outcome variables accordingly.
A low SpO 2 occurred during the recovery phase in a large number of patients in the trial groups (42 ⁄ 196). Currently, we do not deliver supplemental oxygen to the patient when transferring them the 10 m between theatre and the recovery area. Changing this practice may reduce the frequency of desaturations. This may be of significant benefit in younger children with their smaller functional residual capacity and a closing volume that encroaches on it, although we are unable to find any paediatric study to support this theory. It must be noted, though, that a study by Lanigan [21] suggested that it is the maintenance of a patent airway that prevents a desaturation rather than the administration of supplementary oxygen.
Our findings agree with one aspect of a recent publication by Baird et al. [5] that children are less likely to suffer adverse respiratory events if the LMA is taken out awake. On further analysis of their results, they report that if the LMA was taken out awake in patients under 6 years of age, they were more likely to desaturate. Our study confirms the finding that the younger patient is more likely to have a lower saturation, but independent of the timing of removal. Baird et al. used the same definition as us for awake removal, i.e. 'when patients was able to open their eyes and mouth but had inadequate coordination to remove it themselves', but they combined a paediatric with an adult study and the type of surgery performed is not stated and so may not be directly comparable.
Coughing has been described as a beneficial physiological response rather than a complication as it may be a desirable and effective method of clearing secretions [4, 15] . In our study, it was a frequent complication and was found to be independently associated with a lower saturation. It was especially noticeable in the deep group, probably because of blood and secretions in the airway having direct access to the larynx and vocal cords. Coughing increases venous congestion in the head and neck and consequently may exacerbate bleeding from the tooth sockets following dental surgery. Moreover, blood in the airway may instigate further coughing.
We believe that by leaving the LMA in situ until the patient is awake, the LMA is protecting the vocal cords from soiling by blood and secretions from above, which may continue to collect, even after the completion of surgery [16, 18] . This was demonstrated in Group D, where the incidence of coughing was much greater and was probably a significant contributor to the lower saturations recorded, by the dual mechanisms of increased oxygen demand and the inability to take an adequate tidal breath. It is well known that younger children have a reduced functional residual capacity, which is further reduced following general anaesthesia; therefore, they are more prone to desaturation and it is likely to occur more quickly than in older children. These arguments mean that we cannot support the suggestion that coughing is a benign complication [4, 15] . However, although we think it is beneficial to reduce the incidence of coughing during emergence, we would not advocate the total abolition of the cough reflex.
Lidocaine 2% gel has been used as a lubricant to insert the LMA and has been shown to reduce coughing on emergence [22] . Certainly, the short time that each outpatient dental procedure takes is within the duration of action of topical lidocaine [23] . Any benefit must be extremely questionable if the LMA is removed deep, as this would expose an unprotected airway with depressed pharyngeal reflexes to potential soiling and the risk of aspiration.
Analysis of lowest SpO 2 confirmed that, as expected, laryngospasm tends to lead to a lower oxygen saturation.
Several authors [1, 3] have recommended the use of the reinforced laryngeal mask, which was shown to improve surgical access significantly and to reduce intra-operative airway obstruction secondary to the longer length, increased flexibility and reduced external diameter of the device. Using classic LMA's in our study did not result in any extraction for which surgical access was inadequate. There were cases, however, where jaw support was required by the anaesthetist to oppose excessive head flexion and subsequent airway obstruction produced by heavy downward surgical pressure applied during the removal of some obstinate carious teeth. The results of this study do not support any clinical justification to alter our practice of using the standard LMA.
In conclusion, standard recommendations for the removal of the laryngeal mask seem to have been based on evidence gleaned from adult usage [4, 5] or peripheral paediatric surgery. This peripheral surgery generally refers to plastic, urological and lower limb surgery [9, 10, 13] and thus is not reflective of operations commonly associated with blood in the airway. Whilst the Intavent LMA instruction manual recommends either deep or awake removal, the weight of evidence in paediatrics has tended towards removal when deeply anaesthetised. On the basis of the results of this study, we would recommend that when using the laryngeal mask airway in paediatric dental surgery, it should be removed when the patient is awake. Anaesthesia, 2003, 58, pages 1220-1234  Forum  . ..................................................................................................................................................................................................................... 
Ó 2003 Blackwell Publishing Ltd
Summary
Cutaneous warming is reportedly an effective treatment for shivering during epidural and after general anaesthesia. We quantified the efficacy of cutaneous warming as a treatment for shivering. Unwarmed surgical patients (final intra-operative core temperatures $ 35°C) were randomly assigned to be covered with a blanket (n ¼ 9) or full-body forced-air cover (n ¼ 9). Shivering was evaluated clinically and by oxygen consumption. Forced-air heating increased mean-skin temperature (mean (SD) 35.7°C (0.4) vs. 33.2°C (0.8); p < 0.0001) and lowered core temperature at the shivering threshold (35.7°C (0.2) vs. 36.4°C(0.2); p < 0.0001). Active warming improved thermal comfort and significantly reduced oxygen consumption from 9.7 (4.4) ml.min )1
.kg )1 to 5.6 (1.9) ml.min
.kg )1 (p ¼ 0.038). However, the duration of shivering was similar in the unwarmed (37 min (11)) and active warming (36 min (10) Peri-operative hypothermia causes severe complications and prolongs hospitalisation. It is also associated with impaired drug metabolism, delayed recovery, negative nitrogen balance, thermal discomfort and shivering-like tremor [1] . Some postoperative shivering-like tremor has an abnormal clonic pattern [2] and some is non-thermoregulatory [3] ; however, most is normal shivering in response to hypothermia, which can be prevented by maintaining intra-operative normothermia [4] or by administering pharmacological treatments [5] [6] [7] [8] [9] . Thermal input is integrated at numerous levels within the nervous system, but the hypothalamus is the dominant controller [10] . Hypothalamic responses are based on thermal input from the core component (brain, spinal cord, deep tissues) and skin surface [11, 12] . Mean skin temperatures contribute $ 20% to the control of shivering with [13] or without [14] general anaesthesia. An alternative to pharmacological treatment of shivering in hypothermic patients is thus warming of the skin surface [15] . This concept has been confirmed in patients shivering after surgery mostly conducted under neuraxial anaesthesia [16, 17] . However, in these studies, skin temperature [16] or core temperature [17] is lacking; it is therefore impossible to determine the extent to which skin warming compensates for core hypothermia.
Forced-air warming systems increase skin temperature by 2-3°C [18] . However, this amount of skin warming should compensate for a reduction of only 0.4-0.6°C in core body temperature [14] . Reports that cutaneous warming is an effective treatment for peri-operative shivering thus contrast with studies in volunteers showing that skin temperature contributes only 20% to control of shivering. We therefore tested the hypothesis that cutaneous warming improves thermal comfort and reduces the intensity and duration of postoperative shivering. A secondary goal was to quantify the relative contributions of mean skin and core temperature in postoperative patients.
Methods
With approval from the Ethics Committee of Hôpital Ambroise Paré and informed consent, we studied 18 ASA 1 and 2 male patients, aged 18-40 years, recovering from knee or shoulder arthroscopy. All were hospitalised in an ambulatory unit. None was obese; febrile; taking b-receptor blockers or b 2 -receptor agonists; or had a history of thyroid or neuromuscular disease, dysautonomia, paracetamol allergy, or Raynaud's syndrome. Approximately two-thirds of the patients smoked cigarettes.
Anaesthesia was induced, without premedication, with 2-3 mg.kg )1 propofol and 2 lg.kg )1 remifentanil and the patients' tracheas were intubated without administration of neuromuscular blocking drugs. Ventilation was mechanically controlled (end-tidal PCO 2 4.0-4.6 kPa). The fresh gas flow was maintained at 2 l.min )1 via a semiclosed circle system without heating or humidifica- .................................................................................................................................................................................................................... 
Ó 2003 Blackwell Publishing Ltd
tion of the airway. Anaesthesia was maintained with isoflurane (0.8-1.2% adjusted to maintain mean arterial blood pressure within 20% of baseline) in 65% nitrous oxide. No neuromuscular blocking drug or additional opioid was given. To avoid the confounding effects of postoperative pain on shivering-like tremor, an interscalene block was performed under nerve-stimulator guidance with 30 ml bupivacaine 0.5% in patients scheduled for shoulder arthroscopy. Similarly, 20 ml bupivacaine 0.5% was administered intra-articularly at the end of surgery in patients having knee arthroscopy. Passive insulation was restricted to a single layer of surgical draping. Patients were not actively warmed during anaesthesia unless tympanic membrane temperature decreased < 35°C. Intravenous fluids were not warmed. Patients were transported to the postanaesthetic care unit where they were randomly assigned to passive insulation with a single cotton blanket or active rewarming (forcedair cover (Bair Hugger; Augustine Medical, Eden Prairie, MN), positioned over the body immediately after the arrival in the unit and set to 'high' ($ 43°C)). Randomisation was based on computer-generated codes maintained in sequentially numbered opaque envelopes. Patients' tracheas were extubated when spontaneous respiration was sufficient. Postoperative pain was treated, when necessary, by intravenous proparacetamol (2 g).
Ambient temperature was measured by a thermocouple positioned well away from heat-producing equipment. Core temperature was measured at the tympanic membrane. Mean skin temperature (MST) was calculated from 10 sites, using the formula based on surface area [19] : The probes were positioned on the non-operative side of the patient. Temperatures, measured using thermometers and probes (Ellab Inc., Copenhagen, Denmark), were recorded at 10-min intervals during surgery. In the postanaesthetic care unit, all temperatures were electronically recorded at 10-s intervals until the end of the study. Fingertip blood flow was evaluated using (forearm minus fingertip) skin-surface temperature gradients [20] . Gradients exceeding 0°C indicated vasoconstriction because this gradient corresponds to onset of the core-temperature plateau [21] . Shivering was evaluated by clinical assessment using a 3-point scale (0 ¼ none; 1 ¼ moderate; 2 ¼ intense) and oxygen consumption (DeltaTrac metabolic monitor; Datex, Inc., Helsinki, Finland). Measurements began within 5 min of extubation. The system was used in canopy-mode with measurements averaged over 1-min intervals and recorded every minute. This device has been extensively validated [22, 23] . Cessation of shivering was defined as absence of visible shivering and a 20% decrease in oxygen consumption, lasting at least 5 min. An investigator blinded to skin and patient core temperature determined the time of cessation of shivering. Pain and cold sensation were assessed by the patients at 10-min intervals, starting shortly after extubation, using a 5-point verbal scale (0 ¼ none to 4 ¼ intense). Heart rate and arterial oxygen saturation were monitored continuously. Arterial pressure was determined at 5-min intervals during surgery and at 10-min intervals postoperatively. End-tidal CO 2 and isoflurane concentrations were quantified using a Cato gas analyser (Dräger, Germany). Concentrations were sampled from a catheter inserted several centimetres through a set of nasal prongs; aspirated gas was returned to the Deltatrac canopy.
Sample size was based on the expected differences in the core temperature at cessation of shivering between unwarmed and warmed patients. Assuming a standard deviation (SD) of 0.2°C for the unwarmed patients, nine patients per group were required to detect a mean difference of 0.4°C or larger between groups with at least 80% power. The equations for calculation of the proportionality constant (b) have been described previously [14] . Briefly, the contribution of mean skin temperature to central control of shivering can be expressed by the equation:
where Threshold MBT is the shivering threshold in terms of mean body temperature, T skin is mean skin temperature, and T core is core temperature, all in°Celsius. On the other hand, the relation between core temperature and mean skin temperature is linear at the time of cessation of shivering and a regression equation could be established:
where S is the slope and K is the intercept. By rearranging the equations, the proportionality constant is calculated:
The derivation of these equations has been described, and the linear assumption is justified [14, 24] . The correlation coefficient (r) for the skin-vs.-core regression indicated the extent to which the shivering threshold was a linear function of skin and core temperatures. Data were compared using two-tailed, unpaired t-tests or Fisher exact tests. A value for p < 0.05 was considered statistically significant. Forum  Anaesthesia, 2003, 58, pages 1220-1234  . ................................................................................................................................................................................................................. ....
Results
Characteristics of the patients in the groups were similar ( Table 1) . Duration of surgery, anaesthetic management, and intra-operative cardiovascular responses were also similar in the groups, as were core and skin temperatures at the end of surgery ( Table 2 ). All patients shivered, and all were vasoconstricted (skin-temperature gradient > 0°C) during shivering. Core temperature, cardiovascular responses, and expired gas concentrations were comparable when shivering began (Table 3) . Mean skin temperature, by design, was significantly greater in patients assigned to active warming. During shivering, maximal oxygen consumption was significantly greater in the unwarmed than in the warmed patients (Table 3) . When shivering stopped, cardiovascular, respiratory, and metabolic data were comparable but skin temperature was significantly greater and core temperature significantly less in the warmed patients (Table 3) . Unwarmed patients felt significantly colder during shivering and at cessation of shivering than those who were actively warmed (Table 4 ). Time to cessation of shivering was similar in the groups. Pain scores in the two groups did not differ significantly at any time. One of nine unwarmed patients and three of nine warmed patients required proparacetamol treatment for postoperative pain.
Warming the skin with forced-air heating increased mean-skin temperature by $ 2°C, which nearly halved oxygen consumption and improved thermal comfort. However, active warming reduced the shivering threshold by only $ 0.4°C. Mean skin and core temperatures showed a linear relation at cessation of shivering: ðT core ¼ À0:2:T skin þ 42:8; r ¼ 0:71Þ; with the cutaneous contribution to postoperative shivering, b, equal to 17% (95% CI 8-23%; Fig. 1 ). 71 (17) 71 ( ................................................................................................................................................................................................................... 
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Although active warming improved thermal comfort and nearly halved oxygen consumption, shivering persisted for about 36 min with or without forced-air warming. In contrast, pharmacological treatments usually stop shivering rapidly [25] . Cutaneous heating may nonetheless be a useful adjunct even in patients who are treated pharmacologically. Though shivering lasted about the same amount of time in each group, it was more intense in the unwarmed patients. Consequently, the unwarmed patients stopped shivering at a higher core temperature because they generated more heat and more rapidly rewarmed the core. Shivering is an effective way of increasing core temperature [26] , but is probably suboptimal in postoperative patients because they find shivering uncomfortable and shivering per se may increase pain by stretching surgical incisions. Pain scores were similar in each of our groups, and few patients reported more than mild pain. The results may have differed considerably in surgical patients with greater pain because pain per se [27] aggravates non-thermoregulatory shivering-like tremor [3] .
The relative contribution of skin temperature to the control of shivering in our patients was 17%, which does not appreciably differ from 19 (8)% without anaesthesia [14] or 18 (10)% during isoflurane anaesthesia [13] . Available data thus suggest that the relationship between skin and core contributions to control of shivering remains constant under a variety of circumstances. That the proportionality constant is so well preserved suggests that the relative importance of skin and core inputs to thermoregulatory control is a fundamental characteristic of the system. A potential difficulty with using cutaneous warming to treat postoperative shivering is that forced-air [18] and carbon-fibre [28] heating increases skin temperature by roughly 2-3°C. Since skin temperature contributes about 20% to control of shivering, a 2°C cutaneous temperature increase will stop shivering only when core temperature is within $ 0.4°C of the shivering threshold. The shivering threshold in unanaesthetised adults is 35.5 (0.5)°C [29] . However, the threshold is markedly decreased by anaesthetics [29] and opioids [24] . In this study, residual isoflurane concentrations were barely detectable and did not differ in the two groups. Skin surface warming is therefore likely to prove effective when core temperature exceeds 35°C and patients have considerable residual anaesthesia. In contrast, the treatment will likely fail when patients are considerably colder and unprotected by residual anaesthesia. Clinicians thus need to evaluate patients who shiver postoperatively and make individualised decisions about the likely efficacy of pages 1220-1234  . ..................................................................................................................................................................................................................... cutaneous warming. It is probable that cutaneous warming was effective in previous reports because the patients were nearly normothermic.
A limitation of our protocol is that the upper chest and face may be more sensitive than other areas of the body [30] . Facial temperature was included in our current study and the mean skin temperature calculations discussed above [13] , but the face was usually excluded from active warming. A given increase in mean skin temperature will therefore be proportionately more effective when facial warming is included. This may be an important distinction between our current results and those reported previously [15] [16] [17] . Although we evaluated numerous potential confounding factors in Tables 1  and 2 , we elected not to compensate for multiple comparisons because we were largely concerned about type 2 statistical errors.
